Background {#sec0005}
==========

Influenza seasons usually run from November (calendar week 44) to following April (calendar week 16) each year. The number of cases commonly peaks during January and February. Influenza virus infection is associated with a high disease burden. The Centers for Disease Control and Prevention (CDC) estimates that influenza was associated with 45 million illnesses, 21 million medical visits, 810,000 hospitalizations, and 61,000 deaths during the 2017/2018 influenza season in the United States.[@bib0045]

A recent study in Japan reported that influenza activity was significantly lower in the 2019/2020 season versus the 2014 to 2019 seasons.[@bib0050] The reasons for changing influenza activity might include the closure of schools, suspension of large events, and measures to reduce the risk of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) transmission among the Japanese public from early in the year.

In January 2020, the Taiwan government assembled a taskforce to contain the outbreak of Coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2, which was initially described in Wuhan, China. Taiwan had reported 440 laboratory-confirmed cases (including 55 indigenous cases, 349 imported cases and 36 Navy members aboard a combat fleet) after examining 68,335 suspicious persons by May 14 (<https://www.cdc.gov.tw/En>). Taiwan effectively contained community transmission by deployments of disease prevention measures, several policy decisions, and use of information technology.[@bib0055], [@bib0060], [@bib0065], [@bib0070] The success in the containment of the COVID-19 outbreak in Taiwan could verify the collateral benefit of containing influenza activity.

We proposed that collateral benefits on changing influenza activity and other respiratory infection activity (invasive *Streptococcus pneumoniae* disease) and outcome (death toll from pneumonia) would have happened in Taiwan.

Methods {#sec0010}
=======

We use Taiwan CDC national data (<https://nidss.cdc.gov.tw/en/> and [https://nidss.cdc.gov.tw/ch/misc_query.aspx?dc=death_flu&dt=4&position=5](https://nidss.cdc.gov.tw/ch/misc_query.aspx?dc=death_flu%26dt=4%26position=5){#intr0015}) recording the number of PCR-confirmed severe influenza cases requiring admission to an intensive care unit (ICU), invasive *S. pneumoniae* disease and overall patients died in pneumonia per week among 25 calendar weeks of the influenza season each year (2016--2020). Theil-Sen trend test was used to calculate the trend of each whole influenza season and slope difference in comparison between years (<http://www.singlecaseresearch.org/calculators/theil-sen>). The slope between the upward trend (before the peak) or downward trend (after the peak) was compared season by season of each year using linear trend estimation method. SAS 9.4 for Windows (SAS Institute, Inc., Cary, NC, USA) was used for statistical analyses.

Results {#sec0015}
=======

In [Fig. 1](#fig0005){ref-type="fig"} A, the peak weekly number of severe influenza cases increased from 2016/2017 season to 2019/2020 seasons, including 32, 74, 82, 109 cases per week in the four years respectively. The peak occurred in February (2017/2018 and 2018/2019 seasons) and January (2019/2020 season). If the peak in 2019/2020 season occurred in February as usual like the past two seasons, there would be a large outbreak of severe influenza in 2020. Nonetheless, the presumed outbreak did not happen in 2020, and a potential large influenza epidemic was abruptly shortened and reversed in January.Fig. 1Influenza seasons run 25 weeks from November to following April each year. Taiwan\'s national severe influenza (2019/2020) case number dropped from a peak in January down to zero in March 2020 (A). The severe influenza and invasive *Streptococcus pneumoniae* activities were reversed from initiation of the measures to fight the COVID-19 outbreak in January (A and B). The death toll from pneumonia in the 2019/2020 influenza season was slightly downward in contrast to escalating trends of previous influenza seasons (C).

A noteworthy dropping of severe influenza from the top of a 2019/2020 season (109 cases at 2nd calendar week of the year) downhill to zero cases at the 9th calendar week (in early March). During the dramatic decrease in severe influenza cases in the later period of 2019/2020 season, a substantial of cases with severe influenza-like illness up to 66 cases in calendar week 6 and a total of 230 cases in March and April (for 8 weeks) was reported to Taiwan CDC. These cases were confirmed to be negative influenza tests ([Fig. 1](#fig0005){ref-type="fig"}A). The number of reported negative influenza patients with influenza-like illness among the same 8 weeks in 2020 remained similar to 2019 (totally 216, *p*  = 0.297) and even more than 2018 (totally 172, *p*  = 0.048).

The trends of severe influenza weekly case number in 2017/2018, 2018/2019, and 2019/2020 revealed slopes of 1.03, 1.00, and −1.53, respectively. Compared to 2019/2020 influenza, the slope difference tests of influenza seasons were 2.56 (*p*  = 0.003) in 2017/2018 and 2.53 (*p*  = 0.001) in 2018/2019, both reaching statistical significance ([Table 1](#tbl0005){ref-type="table"} ). The trend also showed a downturn of weekly cases of invasive *S. pneumoniae* disease (slope, −0.41) in 2019/2020 influenza seasons, and compared to which, the trend difference tests were 0.60 (*p*  = 0.001) in 2017/2018 and 0.47 (*p*  = 0.002) in 2018/2019, both reaching statistical significance ([Table 1](#tbl0005){ref-type="table"} and [Fig. 1](#fig0005){ref-type="fig"}B). Although the death toll from pneumonia in 2019/2020 influenza season is the highest (mean, 455) among the four-year influenza seasons (*p*  = 0.001), the trend of the weekly death toll from pneumonia dropped significantly in 2019/2020 (slope = −1.19), which was significantly different to 2017/2018 (slope difference = 7.25, *p*  = 0.004) and 2018/2019 (slope difference = 5.41, *p*  = 0.010) ([Table 1](#tbl0005){ref-type="table"} and [Fig. 1](#fig0005){ref-type="fig"}C).Table 1Collateral benefits on national severe influenza, invasive *Streptococcus pneumoniae* disease and the death toll from pneumonia while fighting COVID-19 from January 2020 in Taiwan, evidenced by significant slope difference compared to previous influenza seasons (25 weeks, from November to April of the following years).Table 1Influenza seasons2016/20172017/20182018/20192019/2020*p*-value[a](#tblfn0005){ref-type="table-fn"}*Severe influenza* Mean (*n*/week) ± SD13.96 ± 6.5028.28 ± 21.8734.60 ± 20.9333.80 ± 34.020.007 Theil-Sen trend (slope, 90% C.I.)−0.50 (−0.81, −0.19)1.03 (0.02, 2.03)1.00 (0.16, 1.84)−1.53 (−2.49, −0.57) Slope difference, *p*-value1.03, 0.0932.56, 0.0032.53, 0.001Reference  Invasive *Streptococcus pneumoniae* disease Mean (*n*/week) ± SD12.16 ± 3.9510.68 ± 5.659.72 ± 3.928.68 ± 5.160.069 Theil-Sen trend (slope, 90% C.I.)−0.17 (−0.37, 0.02)0.19 (−0.04, 0.42)0.06 (−0.08, 0.20)−0.41 (−0.62, −0.20) Slope difference, *p*-value0.24, 0.1690.60, 0.0010.47, 0.002Reference  *Death toll from pneumonia* Mean (*n*/week) ± SD402.29 ± 36.08454.04 ± 70.35442 .00 ± 49.96457.63 ± 48.540.001 Theil-Sen trend (slope, 90% C.I.)1.33 (−1.27, 3.92)6.06 (2.87, 9.24)4.22 (1.95, 6.49)−1.19 (−3.82, 1.43) Slope difference, *p*-value2.52, 0.2627.25, 0.0045.41, 0.010Reference[^1]

We further look into if time trend (upward slope) of influenza before the peak in 2016/2017, which was insignificantly different from the slope in 2017/2018 (slope difference = −2.61, *p*  = 0.092) ([Table 2](#tbl0010){ref-type="table"} ). The statistical insignificance was also found in the results of 2017/2018 vs. 2018/2019 (slope difference = −1.21, *p*  = 0.230) and 2018/2019 vs. 2019/2020 (slope difference = 1.96, *p*  = 0.114). For the downward trend difference after the peak, there was no significant difference in the results of 2016/2017 vs. 2017/2018 (slope difference = 1.53, *p*  = 0.090) and 2017/2018 vs. 2018/2019 (slope difference = 1.19, *p*  = 0.732). However, the slope difference between 2018/2019 and 2019/2020 reached statistical significance (slope difference = 1.22, *p*  = 0.0001). The results were consistent in significant downward slope difference between 2018/2019 and 2019/2020 when examining weekly cases of invasive *S. pneumoniae* disease (slope difference = 0.67, *p*  = 0.003) and the weekly number of patients died from pneumonia (slope difference = 7.53, *p*  = 0.010), whereas the upward slope differences before the peak between different years were statistically insignificant ([Table 2](#tbl0010){ref-type="table"}).Table 2The slope differences between different time periods of each influenza season.Table 2Yearly difference by linear trend estimation (*p* value)Severe influenza*Streptococcus pneumoniae*Weekly death toll from pneumoniaBefore peakAfter peakBefore peakAfter peakBefore peakAfter peak*2016/2017* vs. *2017/2018* Slope difference (95% C.I.)−2.61 (−5.73, 0.51)1.53 (−0.25, 3.32)0.36 (−1.61, 2.33)−0.35 (−1.04, 0.34)0.68 (−11.98, 13.34)−1.60 (−8.02, 4.82) *p*-value0.0920.0900.6950.3040.9070.615  *2017/2018* vs. *2018/2019* Slope difference (95% C.I.)−1.21 (−3.33, 0.90)1.19 (−2.83, 2.01)−0.75 (−2.07, 0.57)0.43 (−0.25, 1.10)12.00 (−1.75, 25.75)1.22 (−7.35, 4.92) *p*-value0.2300.7320.2350.2070.0800.688  *2018/2019* vs. *2019/2020* Slope difference (95% C.I.)1.96 (−4.49, 0.56)1.22 (2.80, 7.79)−0.00 (−1.35, 1.35)0.67 (0.24, 1.10)−13.89 (−29.27, 1.49)7.53 (1.91, 13.14) *p*-value0.1140.00010.9990.0030.0720.010

Discussion {#sec0020}
==========

The healthcare systems should report severe influenza cases to CDC in their clinical practice by the law on the prevention and control of infectious diseases in Taiwan. The decreasing influenza activity in February 2020 was not due to the negligence of physicians while focusing on fighting COVID-19 events, because substantial cases of severe influenza-like illness were still reported to the CDC in the same period, and they were turned out to be negative influenza tests. In addition, the reported death toll from pneumonia during late influenza seasons in 2020 was similar to or even higher than those in the same period of previous seasons. Finally, as COVID-19 outbreak prevailed in Wuhan, the influenza-like illness surveillance was suspended to handle the COVID-19 epidemic from the calendar week 3 (January) in Wuhan, China.[@bib0075] Meanwhile, the COVID-19 pandemic did not really happen in Taiwan, so the CDC did not suspend the usual reporting practice. These facts would not support considering whether fighting against COVID-19 might have an influence on the physicians to report less for other respiratory infections.

The Theil-Sen slope, also known as the nonparametric linear regression slope, is an alternative to the standard linear regression slope and has relatively strong power and precision when data are non-normal and skewed.[@bib0080] Therefore, we first use this method to measure the weekly case number of diseases through an influenza season. We found a significant downward trend and slope difference of severe influenza, invasive *S. pneumoniae* disease and death toll of pneumonia in comparison to previous seasons. Then we use the standard linear trend estimation to measure different periods before and after the peak of an influenza season, and we documented significant downward slope difference occurring after initiation of fighting COVID-19 in February 2020.

The Taiwan government did not lockdown cities nor close schools, restaurants, and nursing institutes. Why Taiwan could effectively contain the COVID-19 outbreak? SARS-CoV-2 was not tested by mass screening but was tested for risk persons who exposed to infected cases and for targeted indications of anyone with a fever, upper respiratory tract symptoms, or pneumonia of unknown etiology. For example, our hospital has conducted surveillance for SARS-CoV-2 in 3268 patients with relevant illness from outpatient clinics, wards, and ICUs by April 28. Among them, only 1 imported case was detected (data from the intranet of Chi Mei Medical Center). Our results supported limited community transmission in Taiwan.

Taiwan government has made several policies to integrate individual information to health care systems and the eMask ordering system.[@bib0055], [@bib0060], [@bib0065], [@bib0070] What other measures did Taiwanese public do with additional contributions to the significant reduction of severe influenza burden, invasive *S. pneumoniae* disease activity and the death toll from pneumonia? We herein sum up the preparedness and response to the Taiwan essential bundles according to published literature as follows: traffic flow control in hospitals to separate patients who were infected; alcohol sanitizer dispensers broadly used for hand washing and disinfection; isolation and quarantine persons confirmed or suspected to be infected; wearing a mask in public for everyone while entering a hospital or in the crowd; aerosol transmission reduced by social distancing; and no touching the face by hand and keeping safe on mask removal.[@bib0055], [@bib0060], [@bib0065], [@bib0070]

The limitation of the study included retrospective data analysis and thus we are unable to discern which measure of the disease prevention bundles, such as universal masking practice or hand hygiene was an independent factor responsible for the successful containment of other respiratory infections. During fighting COVID-19, patients might avoid visiting a hospital for relatively mild respiratory tract infections. However, this would not influence reported severe influenza cases requiring ICU admission.

Conclusions {#sec0025}
===========

We found collateral benefits of a significant reduction of weekly cases from severe influenza, invasive *S. pneumoniae* disease and the death toll from pneumonia during fighting COVID-19 in Taiwan. People raising public awareness, participating in disease prevention measures, together with hospital preparedness and response, helped the Taiwan government to contain transmission of respiratory infectious diseases and the outcome of pneumonia during the epidemic of COVID-19. The collateral benefit of nearly eradicating severe influenza supports to further study on the critical step of the disease prevention bundles, which may offer enormous help to prevent the epidemic influenza burden in the future.
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[^1]: By using one-way ANOVA; SD, standard deviation; C.I., confidence interval.
